Background-The definition, prevalence, outcomes, and appropriate treatment strategies for acute intramural hematoma (IMH) continue to be debated. Methods and Results-We studied 1010 patients with acute aortic syndromes who were enrolled in the International Registry of Aortic Dissection (IRAD) to delineate the prevalence, presentation, management, and outcomes of acute IMH by comparing these patients with those with classic aortic dissection (AD). Fifty-eight (5.7%) patients had IMH, and this cohort tended to be older (68.7 versus 61.7 years; PϽ0.001) and more likely to have distal aortic involvement (60.3% versus 35.3%; PϽ0.001) compared with 952 patients with AD. Patients with IMH described more severe initial pain than did those with AD but were less likely to have ischemic leg pain, pulse deficits, or aortic valve insufficiency; moreover, they required a longer time to diagnosis and more diagnostic tests. Overall mortality of IMH was similar to that of classic AD (20.7% versus 23.9%; Pϭ0.57), as was mortality in patients with IMH of the descending aorta (8.3% versus 13.1%; Pϭ0.60) and the ascending aorta (39.1% versus 29.9%; Pϭ0.34) compared with AD. IMH limited to the aortic arch was seen in 7 patients, with no deaths, despite medical therapy in only 6 of the 7 individuals. Among the 51 patients whose initial diagnostic study showed IMH only, 8 (16%) progressed to AD on a serial imaging study. Conclusions-The IRAD data demonstrate a 5.7% prevalence of IMH in patients with acute aortic syndromes. Like classic AD, IMH is a highly lethal condition when it involves the ascending aorta and surgical therapy should be considered, but this condition is less critical when limited to the arch or descending aorta. Fully 16% of patients have evidence of evolution to dissection on serial imaging.
A cute aortic syndromes, a highly morbid set of conditions characterized by the sudden onset of thoracic pain, includes classic aortic dissection (AD) and intramural aortic hemorrhage with a variable clinical course. [1] [2] [3] Although there is consensus about the definition and treatment of classic AD, 1,4 the approach to acute intramural hematoma (IMH) of the aorta remains elusive. 5 Much of the controversy stems from an incomplete knowledge of its natural history. 6 -9 The International Registry of Aortic Dissection (IRAD) represents a unique multicenter, collaborative effort developed to elucidate the presentation, evaluation, management, and outcomes of patients with acute aortic syndromes. 2 Because of the registry's volume, (nϾ1000), IRAD represents a unique resource to explore controversies in acute aortic syndromes. In the present study, we explored the clinical presentation, management, and hospital outcomes of acute IMH.
Methods

IRAD Registry
The inception and structure of IRAD have been described previously. 2, 10, 11 In brief, 18 large referral centers in 6 countries agreed to participate in the ongoing registry, established in 1996. The main purpose of IRAD was to assess etiologic factors, modes of presentation, clinical features, treatment, and hospital outcomes of patients with acute AD. Beginning on January 1, 1996, consecutive patients with AD (both type A and type B) presenting to IRAD sites were enrolled. Patients were identified either prospectively at presentation or retrospectively by searching hospital discharge diagnosis records and/or surgery, pathology, and ultrasound databases. Diagnosis was suspected on the basis of the history and physical examination and was confirmed by imaging study, visualization at surgery, and/or postmortem examination. 2 defined strictly as an aortic wall hematoma without a demonstrable intimal flap on imaging study and no radiologically apparent intimal tear, and acute AD was defined by visualization of an intimal flap separating 2 lumina; the acute stage was confined to the initial 14 days after symptom onset. 2 Although hemorrhage into the aortic media occurs in both disorders, an intimal tear with resultant false lumen is not present in IMH. Instead, hemorrhage occurs within the aortic wall due to either rupture of the vasa vasorum or, less commonly, an atherosclerotic, penetrating aortic ulcer.
Data Collection
Data were acquired with the use of a standardized form that included fields for patient demographics, history, clinical presentation, physical findings, imaging study results, details of medical and surgical treatment, and outcomes. Completed data entry forms were forwarded by the participating IRAD sites to the coordinating center at the University of Michigan. Data forms were reviewed for internal validity and were scanned electronically into an Access database.
Clinical Events
Chart review was used to identify in-hospital clinical events and (in-hospital) death. Standard American College of Cardiology/ American Heart Association definitions were used to document various in-hospital complications. Abrupt-onset pain was defined as sudden, severe pain in the chest, neck, or back, with maximum intensity at onset that brought the patient to medical attention. An ECG was noted as abnormal when it showed pathological Q waves, ST-segment deviation Ն2 mm, T-wave inversions, left bundlebranch block, or left ventricular hypertrophy.
Data Analysis
Presentation, evaluation, management, and outcomes among several cohorts in IRAD were compared between classic AD and patients without classic AD on initial imaging. IMH was considered when identified on the first or second imaging study and lack of any double lumen and/or intimal flap. Patients with true IMH were compared with those with classic AD with regard to presentation, physical findings, treatment, and outcomes. Furthermore, the relationship between anatomic location of aortic involvement and outcome was analyzed for IMH of the ascending aorta and the aortic arch. 12, 13 Finally, the diagnostic evolution was carefully tracked in patients whose initial imaging findings either showed IMH or were nondiagnostic. Evidence of progression allowed us to estimate the frequency and time course of IMH progression to AD.
Statistical Analysis
Summary statistics are presented as frequencies and percentages, meanϮSD, or median and interquartile ranges. In all cases, missing data were not defaulted to negative, and denominators reflect only those cases reported. Nominal variables were compared by means of 2 tests and 2-sided Fisher exact tests when appropriate. Continuous univariate variables were tested by means of 2-sided Student t tests. By use of the Cochran-Armitage trend test, hospital mortality was related to the location of the central segment of IMH as seen on tomographic images.
Results
Among 1010 patients, 58 (5.7%) met the strict criterion of acute IMH. As shown in Table 1 , patients with IMH tended to be older than those with classic AD (PϽ0.001), and the majority (60%) of IMHs were located in the descending aorta. Abrupt onset of severe chest or back pain was the most common presenting symptom for both IMH and AD (Table  2) , and time from symptom onset to presentation was similar for IMH and classic AD. However, establishing the diagnosis of IMH required more time and a greater number of imaging tests then did classic AD ( Table 3) . As expected, aortic insufficiency was seen infrequently in IMH, and pulse deficits (and associated ischemic pain) were less common than in AD (Table 2) .
Compared with patients with AD, patients with IMH were more likely to have a normal ECG (45.6% versus 29.8%; Pϭ0.012), and no patient with an acute IMH had an acute myocardial infarction (Table 4) . Patients with acute IMH were likely to have a smaller aortic diameter (Table 5) , including 2 patients who underwent endovascular stent grafting.
The overall hospital mortality for IMH was similar to that of classic AD (20.7% versus 23.9%; Pϭ0.57; Table 6 ). In particular, IMH of the ascending aorta carried an in-hospital mortality of 39.1%, nonsignificantly higher than that of AD, a condition more frequently treated surgically. Mortality for IMH involving the ascending aorta was 42.9% with surgical therapy and 33.3% with medical therapy, as opposed to a mortality rate of 24.2% with surgical therapy in classic AD involving the ascending aorta and 56.5% with medical therapy alone. Figure 1 demonstrates an association between increasing hospital mortality and the proximity of IMH to the aortic valve, irrespective of medical or surgical treatment (Table 7) . Table 8 describes the cause of in-hospital death in patients with IMH, and Table 9 compares the severity of disease in IMH patients treated medically or with surgical therapy. In the overall IMH cohort, the incidence of hypotension, cardiac tamponade, ischemic spinal cord damage, and pericardial effusion was higher in the surgical group. In patients with type A IMH, only the incidence of pericardial effusion was significantly higher in the surgical group. In Values are n/N (%). *Missing data were not defaulted to negative, and denominators reflect only those cases reported. type B IMH, the incidence of hypotension and ischemic spinal cord damage was higher in the surgical group. Figure 2 shows the progression of diagnosis in patients with suspected IMH. A total of 58 patients eventually met the criteria for diagnosis of IMH, and 8 of these subsequently developed classic AD on serial imaging. If diagnosis was based on initial imaging findings only, 7 of the 50 patients would have been missed. Eventually, 8 patients with an apparent IMH on initial imaging developed AD, and 7 patients with an uncertain diagnosis on initial imaging demonstrated evidence of IMH on a second study. Long-term follow-up at a mean duration of 1.6Ϯ1.2 years was available for 27 of the 46 patients with IMH. Although not statistically significant, patients with type A IMH had a trend toward higher mortality compared with patients with classic AD.
Discussion
Both the prevalence and natural history of acute IMH of the aorta remain difficult to determine. [13] [14] [15] IRAD provides a unique opportunity to examine IMH within the context of acute aortic syndromes. The prevalence of IMH among patients with nontraumatic acute aortic syndromes in IRAD is Ϸ6%. This figure is generally lower than that reported in other series (10% to 50%) 5,14 -18 and thus lower than previously thought. 5, 6, 8, 9 This may reflect the degree to which the diagnosis was considered among patients with abnormal but nondiagnostic initial imaging studies. Conversely, a low prevalence of IMH in the IRAD registry may also be explained by the fact that IRAD centers are tertiary referral centers, and IMH either may have gone undiagnosed in primary and secondary centers or was diagnosed but not referred by these centers. With eventual transfer to a tertiary IRAD center, once classic AD was diagnosed, it is possible that a number of patients may have already progressed from IMH to AD. These cases would not qualify in our report as IMH but would rather be diagnosed as classic AD. Given the dynamic evolution of IMH and the difficulty of early diagnosis, serial diagnostic imaging tests undoubtedly improve diagnostic performance.
IMH affected the descending aorta in 60% of cases, whereas classic AD affected the ascending aorta in nearly 65% of cases. Because IMH is generally a more localized Figure 1 . In-hospital mortality for IMH according to site of origin. IMH was defined after first imaging test failed to demonstrate IMH or dissection but second test confirmed IMH or first study showed IMH but no evidence of dissection. For 1 of the 58 patients described in text, presumed site of origin was not identified by investigator. process, at least initially, it is less frequently associated with aortic valve insufficiency, pulse deficits, acute myocardial infarction, and aneurysmal dilation of the aorta. Nevertheless, despite limited aortic involvement, the overall mortality remained high (20.7%). Although we do not have supporting data, it is possible that the high mortality may be related to rupture in medically managed, proximal IMH. As with classic AD, the mortality rate of IMH involving the ascending aorta is a particular cause for concern, with 9 of 12 deaths seen in this cohort corroborating previous reports. 5, 6 Previous observational reports favor surgery as the treatment of choice for ascending IMH, at least in white patients. However, the high mortality rate in both medically and surgically treated patients may be explained by delayed surgical management and may reflect a selection bias of the sickest patients for surgery. The relatively low mortality rate reported in Asian IMH patients may be due to a genetic factor or the fact that more limited IMHs were diagnosed and included in their series, because the percentage of IMH in Asia in suspected AD is much higher than in our study. 8, 13, 15, 18 Hypothetically, it is possible that those receiving surgery may represent patients in whom initial watchful waiting was complicated by the development of classic AD with complications, although we do not have data to support this. Because the mortality of acute IMH involving the ascending aorta remains high ( Figure 1 ) and nearly 16% of patients who had IMH on an initial imaging study had developed frank AD by the second imaging test (Figure 2) , the IRAD data continue to favor consideration for timely surgical approach to such patients. This approach is supported by other reports that have suggested that IMH may progress to classic AD in as many as 28% to 47% of patients and may carry a risk of aortic rupture in 20% to 45% of cases. 4 Regression may occur but is less common and is not predictable in proximal IMH involving the ascending aorta. 16 On the other hand, acute IMH involving the descending aorta had an in-hospital mortality risk of Ͻ10%, similar to that seen with descending or type B AD (Table 6 ). The initial medical treatment for this condition appears justified. 14 Age, y (meanϮSD) 68.0Ϯ8. showed IMH only on second, and in some instances, on third or even fourth imaging studies. Right half of figure identifies 7 patients for whom diagnosis of acute aortic syndrome was strongly suspected, but initial imaging test showed neither classic AD nor findings of IMH and second testing revealed IMH. Not shown are patients whose initial imaging was nondiagnostic, but second imaging study showed classic AD.
TABLE 7. Mortality in True IMH by Location and Management
Acute IMH confined to the arch remains a controversial subject. In our series there were 7 such patients, and we observed no mortality in this small cohort, even though 6 of the 7 were managed medically. Currently, aggressive medical treatment alone, with a target heart rate Ͻ60 bpm and blood pressure Ͻ120/80 mm Hg and at least 1 additional initial imaging study followed by later serial imaging to exclude frank AD or early aneurysmal expansion, appears to be a reasonable strategy for management of such patients. Studies of larger numbers of patients and/or clinical trials will be needed to further delineate the optimal treatment and imaging sequence for this group of patients, although the current recommendations for medical therapy are supported by IRAD results.
Several prior studies, most of them single center and with small sample sizes, have evaluated the clinical features, management, and outcomes of patients with IMH. Song et al 19 17 demonstrated ascending aortic involvement as a significant predictor of early mortality. Complete regression without changes in aorta size is observed in one third of cases, and progression to classic AD is less common. A normal aortic diameter in the acute phase is the best predictor of IMH regression without complications, and the absence of echolucent areas and atherosclerotic, ulcerated plaque are associated with evolution to aortic aneurysm. 23 Motoyoshi et al 24 studied 36 patients with IMH and suggested that urgent surgical repair was not necessary for all type A IMH patients to achieve favorable surgical outcome with careful imaging follow-up. Moizumi et al 25 reported long-term outcomes for 95 cases of type A and type B IMH, showed that adverse events occur equally in both types of IMH of the aorta, and recommended close follow-up for at least 5 years because most IMHs of aorta-related events occur during this period.
Although these studies have helped elucidate the natural history and management of patients with IMH, they have been limited by the single-center nature of the analysis and relatively small sample sizes. Novel features of our analysis include the multicenter nature of the study, a strict imaging definition of IMH, and the ability to compare clinical outcomes with surgical and medical therapy across multiple centers. We provide a closer approximation of the true prevalence of IMH, an understanding of the relationship between anatomic location of aortic involvement and clinical outcome, and an estimation of the frequency and time course of IMH progression to classic AD.
Limitations
Because most clinical information in IRAD was obtained by chart review, the database is subject to referral and ascertainment bias common to retrospective registry analysis. Imaging and ECG interpretations were reported at each center, were considered diagnostic, and were not analyzed by a separate core laboratory. Because IRAD hospitals are tertiary referral centers, some IMHs may have escaped diagnosis at primary evaluation, resulting in transfer of only the more complicated cases of IMH or after progression to classic AD. Furthermore, the delay in IMH patients' arrival at IRAD centers may imply evolution of some of these cases to classic AD.
Although there is potential for some overlap in one or more of the articles from the individual registry centers, the 
